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ABSTRACT 

This report describes the operation of the Uinta Basin Seismological 
Observator/ (UBSO) from 1 August through 31 October 1966.    Modifications 
and additions to the observatory instrumentation are described,  and tests 
to improve the operation of the observatory are reported.    Also discussed 
is the status of special investigations designed to evaluate and improve the 
detection capability of the observatory. 
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OPERATION OF UBSO 

1.    INTRODUCTION 

1.1   AUTHORITY 

The work described in this report was supported by the Advanced Research 
Projects Agency.   Nuclear Test Detection Ofhce. and was monitored by the 
A* iSltlJ?^**1. Applications Center (AFTAC) under Contract 
AF 33(657)-16563.    The Statement of Work for this contract is shown in 
appendix 1. 

1.2   HISTORY 

UBSO was constructed under Contract AF 33(657)-7185.    Site selection and 
mnse surveys were accomplished by Teledyne Industries.  Geotech Division, 
formerly The Geotechnical Corporation); the final decision on the observatory 

location was made by AFTAC.    Texas Instruments.  Incorporated (TI) was 
responsible for the construction of all physical facilities. 

Contract AF 33(600)-43486.  issued to II.   contained the authority for equipping 

instTn    T      v.^;-   The inStrumentati- was supplied by Geotech and" was    * 
installed under the direction of Geotech personnel under subcontract to TI. 
TI operated the observatory from November 1962 until 1 July 1963.    Under 
Projects VT/1124 and VT/5054.   Contract AF 33(657)-12373.  Geotech 
operated UBSO from 1 July 1963 through 30 ^Vpril 1966. 

2. OPERATION OF UBSO 

2.1 GENERAL 

Data Recorded at UBSO on a 24-hour basis.    The observatory is normally 
manned 8 to 10 hours a day.  5 days a week.    On weekends and holidays,  a 
skeleton crew mans the observatory 8 hours a day; howevr r.  additional 
personnel are on call in case of an emergency. 



2.2   SEISMOGRAPH OPERATING PARAMETERS 

2.2.1 Standard Seismographs 

The operating parameters and the tolerances for the standard observatory 
seismographs are shown in table 1.    These parameters are reset,  as neces- 
sary,  when the frequency response of a seismograph is found to be out of 
tolerance.    The frequency response norms and their respective tolerances 
are shown in table 2.    The frequency responses of the UBSO seismographs, 
as normally operated,  are shown in figure 1. 

2.2.2 Filtera for Multi-Channel Array Processors (MAP) 

All MAP data utilize a band-pass filter with the following settings:   high-cut 
frequency of 3 cps at 3 dB per octave cutoff rate,  and a low-cut frequency 
of 1 cps at 12 dB per octave cutoff rate. 

2.2.3 Filters for Array Summations 

Summations of the 10-element surface array and the shallow-buri.d array 
are each filtered by a band-pass filter with the following settings:   high-cut 
frequency of 3 cps and low-cut frequency of 0.8 cps,  both at a cutoff rate 
of 18 dB per octave.    The six-elements of the vertical array are summed 
and two filtered outputs are recorded in Data Group 5056.    One of the outputs 
( EDH) is filtered at 5 and 0. 375 cps,   both at a rate of 24 dB per octave; the 
second output (IlDHF) is filtered at a high-cut frequency of 3 cps and a rate 
of 24 dB per octave,  and a low-cut frequency of 0. 75 cps and a rate of 
36 dB per octave. 

2.3   DATA CHANNEL ASSIGNMENTS 

Several recording format changes were made during this reporting period. 
Data Uroup 5046 was established on 28 , aly, and test recordings of elements 
of vertical array began on 16 September.    This Data Group was changed on 
8 September to Data Group 5056.    Data Grcip 5054,  MAP II,  was initiated 
on 27 September, providing for additional MAP recordings.    The current 
data channel assignments for all UBSO data groups are shown in table 3. 
The key to the designators used in the data channel assignments is given in 
table 4. 
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Table 2.    Calibration norm« an' operating tolerancea for frequency 
responiee of the standard seismographs at UBSO 

SP Vertic«! 18300 and 
SP  Johnton-Mathe«on 

{ T A.  T 
(cp.| (.ec) R.   M. Effi) 
0.2 5.0 0.0113 10 
0 4 2.5 0.0950 7.5 
0.8 1.25 0.685 5 
1.0 1.0 1.0 
1.5 0.67 1.52 5 
2.0 0.5 1.90 5 
3.0 0.33 2.12 7.5 
4.0 0.25 1.87 12 
6.0 0. 167 1.15 20 
8.0 0. 125 

10.0 0. 100 

LP  Vertical and Horizontal c 

f T A.   T. 
(cp.) (•ec) R.  M. (±%) 

0.01 100 0.246 20 
0.0125 80 0.377 20 
0.0167 60 0.589 15 
0.02 50 0.745 15 
3.025 40 0.899 10 
0.033 30 1.06 5 
0.04 25 1.0 
0.05 ?0 0.822 5 
0.066^ 15 0.506 10 
0.10 10 0. 173 20 
0.143 7 b a 

IB   Vertical and Horizontal 

f T A.    T. 
(cp.) (■ec) K.   *%*, (±%) 

0.1 10.0 0.0090 25 
0.2 5.0 0.068 20 
0.3 3.3 0.25 15 
0.4 2.5 0.46 10 
0.5 2.0 0.64 5 
0.7 1.43 0.86 5 
1.0 1.0 1.0 
1.5 0.67 1.04 5 
2.0 0.5 1.0 10 
3.0 0.33 0.89 15 
5.0 0.2 0.66 20 

BB   Vertical and Horizontal 

f T A.   T. 
(cp.) 'secV R      \A (±%) '.sec; 

0.04 25.0 0.104 20 
0.C6 16.7 0.350 20 
0.08 12.5 0.775 15 
0. 1 10.0 0.950 10 
0.2 5.0 1.0 5 
0.4 2.5 1.0 5 
0.8 1.25 1.0 _ 
1.6 0.625 1.0 5 
3.2 0.3i2 1.0 10 
6.4 0.156 0.980 15 

KEY 

R    M. 
A.  T. 
a 

Relative magnification 
Amplitude tolerance 
Tolerance not established in the period 
Measurements not reliable due to interference 
from microseismic background noise 

These norms and tolerances,  aoply to 
the broad-response long-period system 
(LP1). 
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 SP JM SEISMOGRAPHS AND   
SHALLOW BURIED ARRAY ELEMENTS 

1.0   » 

i 
i 

o.i » 

o.oi 

PERIOD (sacondi) 

Figure 1.    Normalized response characteristics of the standard 
seismographs at UBSO 
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2.4   SHIPMENT OF DATA TO THE SEISMIC DATA LABORATORY (SDL) 

Magnetic-tape seismograms are shipped to SDL with the regular Long Range 
Seismic Measurements (LRSM) Program data shipment about 15 days after 
the end of the month during which they were recorded.    The magnetic-tape 
seismograms recorded at UBSO through 30/ September have been shipped to 
SDL. 

All 16-millimeter film seismograms recorded at UBSO through 31 Mar-h 
were sent to SDL.    More recent films are currently held in Garland for 
special studies. 

2.5   QUALITY CONTROL 

2.5.1   Quality Control of 16-Millimeter Film Seismograms 

Quality control checks of randomly selected runs of 16-millimeter film from 
the shallow-buried array, the surface array, and the long-period seismo- 
graph, and the associated operating logs are made in Gaiiand.    Items that 
are routinely checked by the quality control analyst include: 

a. Film boxes - neatness and completeness of box markings; 

b. Develocorder logs -   completeness, accuracy, and legibility 
of logs; 

c. Film; 

(1) Quality of the overall appearance of the record (for example, 
trace spacing and trace intensity); 

(2) Quality of film processing; 

d. Analysis - completeness,  legibility, and accuracy of the 
analysis sheets. 

Results of these evaluations are sent io the observatory for review and 
comment by the observatory personnel. 
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Table 4.    Key to the designations used in the data format 
n   ■ assignments at UBSO          

ZLPl 

ZLP2 

ZBB 

V 

t» 

tu- 

tu 

tUT 

NSP 

NLPI 

NLPl 

NU», 

N»B 

ELP1 

tLPl 

EBB 

WWV 

Mil 

VS. 

UK 

DHS 

Amplified vartical (hort-penod ■«iamoiraph 
from a lite identifitd by a auffix number 

Vertical long-prnod »eiamograph.   broad 
raapona« 

Vertical long-period ■altmograph,  narrow 
rcaponae 

Vertical broad-band aeiamograph 

Unamplified vertical ehort-period 
aeiamograph 

Summation of Zl through ZiO 

tS ''Itered 

Sun.matior of SZI through SZIO 

CSS filtered 

Amplified north-aouth ahorl -period 
aeiamograph 

North-aouth long-period aeiamograph, 
broad reaponac 

North-aouth long-period aeiamograph, 
narrow raaponae 

North-aouth long-period aeiamograph. 
broad raaponae (operated In aurface unit) 

North-aouth broad-band aeiamograph 

Amplified eaat-weat khort-pariod 
aeiamograph 

Caat-weat Icng-period aeiamograph. 
broad raaponae 

Eaat-weat long-period aeiamograph, 
narrow raaponae 

Caat-waat broad-band aeiamograph 

Radio time - (WWV.  STS, and voice on 
tape) 

Long-period micro^arograph - monitora 
preaaure inaide LP vaiUl 

Long-period microbarograph - monitora 
preaaure oulaide LP vault 

Short-period microbarograph - monitora 
preaaure inaide LP vault 

Short-period microbarograph - monitora 
preaaure oulaide LP vault 

Vertical array element | 1907 feat 

Vertical array element t 4901 feet 

USOLP Unmanned aeiamological obaervalory 
long-period 

WI Anemometer - wind apead k direction 

Teat Teat iiiairttmentation 

Camp Compeoaation 

MM Magnification (aae note) 

TCMOC Time code management data group 

MCr4 Multi-channal filtering deaigned to 
emphaalae recording of vertically 
incident P wavea and reject road 
noiae (modified MCF1) 

MCrz Multi-channel filtering drained to 
emphaalae recording of vertically 
incident P wavea and reject dominam 
noiae with additional filtering to 
reduce amplitude of long-period 
microaeiama 

MCF > Multi-channel filtering deaigned to 
emphaalae recording of P wavea with 
apparent horiaontal velocity of 
•. 1 km/aec or greater and reject 
dominant noiae 

Bs*l Beam eteering aummatlon to 
emphaalae 8. 1 km/aec wave arrivala 
from 0oaalmuth (N) 

BSS2 Beam ataering aummatlon to emphaalae 
i. 1 km/aec wave arrivala from 60oaalmuth 
(N60E) 

BSS3 Beam atearing aummatlon to 
emphaalae 8. 1 km/aec wave arrivala 
from l20oaalmuth (S60E) 

BS54 Beam atearing aummatlon to 
emphaalae 8. 1 km/aec wave arrivala 
from l80oa«imuth (S) 

MB Beam ataering aummatlon to 
emphaalae 8. 1 km/aec wave arrivala 
from 240oailmuth (560W) 

B"* Beam ataering aummatlon to 
emphaalae 8. I km/aec wave arrivala 
from M>0oaaimuth (N60W) 

tSBS Straight aummatlon (emphaaiaea 
vertically Incident P wavea,  aimple 
array aum.nation improvement of 
aignal-to-noiae ratio) 

MCril Multi-Channel Filtering deeigned to 
emphaalae recording of vertically 
Incident P wavea and rajtct dominant 
noiae (aubaurface array) 

8- 

TR 66-102 



Table 4.    Key to the designations used in the data format 
 assignments at UBSO (Continued) 

UH4 

DHl 

DHi 

DHl 

■l>H 

EDHF 

USOSP 

MCF15 

MCFI6 

Men? 

BSSVI 

BSSV<: 

Vertical array cement @ 5894 feet 

Vertical array element J 6910 feel 

Vertical array element i 790J feet 

Vertical array element ■> 889% feet 

Summation of DHl through DH6 

: HI) filtered 

Unmanned teiimoloRical obiervatory 
short-period 

Multi-Channel Filtering designed to 
emphasize recording of vertically 
it.cident P waves (down-going) using Ut, 
Id.  and 5th deepest elements 
("deghosting" - minimises Ist arrival) 

Muln-Channel Filtt.    ig designed to 
emphasize recording of vertically 
incident P waves (up-going) using id, 
4th,  and 6lh deepest elements 
("deghosting" - minimisas reflection) 

Multi-Chanr.el Filtering designed to 
emphasise recording of vertically 
incident P waves (down-going) using id, 
4th,  and 6th deepest elements 
("deghosting" - minimizes 1st arrival) 

Beam Steering Summation designed to 
emphasize recording of up-going 
vertically incident P waves 

Beam Steering Summation designed to 
emphasize recording of P waves with 
■ppuent horizontal velocity of 8. I km/sec 

MCFU 

MCF13 

MCF14 

BSSV) 

BSSV4 

BSSV5 

BSSV6 

EDVS 

Multi-Channel Filtering designed to 
emphasize recording of vertically 
incident P wavea and reject dominant 
noise,   with summation of the subsurfac* 
array as rings (l-J-5,  2-4-6,   7-8-9,   10) 
and the 6 elements of vertical array 

Multi-Channel Filtering designed to 
emphasize recording of vertically 
Incident P waves and reject dominant 
noise (vertical array) 

Multi-Channel Filtering deaigned to 
emphasize recording of vertically 
Incident P waves (up-going) using the 

1st,   Id,  and 5th deepest elements 
("dtghostlng" - minimizes reflection) 

Beam Steering Summation designed to 
emphasize recording of S waves with 
apparent horizontal velocity of 8. 1 km/sec 

Beam Steering Summ, tion deaigned to 
emphasize recording o, down-going 
vertically incident P wa\s( 

Beam Steering Summation designed to 
emphasize recording of down-going 
P waves with apparent horizontal 
velocity of 8. I km/s«c 

Beam Steering Summation designed to 
emphasize recording of down-going 
S waves with apparent horizontal 
velocity of 8. 1 km/sac 

Summation of six vertical array elements 
(with MAP Bandpass filler) 

NOTE 

Magnification of: 
Short-period measured at 1 cps 
Broad-hand meaaured at 0. 8 cps 
Long-period measured at 0.04 cps 
MCF measured at I cps 
BSS meaaured at 1    p« 
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2.S.Z   Quality Control of the Magnetic-Tape Seismo^rams 

Routine quality control checks of randomly selected rm gnetic-tape 
seismograms are made in Garland to assure that recordings meet specified 
standards.    The following are among the items that are checked by the 
Quality Control Group. 

a. Tape and box labeling; 

b. Accuracy,   completeness, and neatness of logs; 

c. Adequate documentation of logs by voice comments on tape where 
applicable; 

d. Seismograph polarity; 

e. Level of calibration signals; 

f. Relative phase shift between array seismographs; 

g. Level of the microseismic background noise; 

h.    Level of the system noise; 

i.    PTA dc balance; 

j.    Oscillator alignment; 

k.    Quality of the recorded WWV signal where applicabla; 

1.    Time pulse carrier; 

m.    Binary coded digital time marks. 

2.6 SECURITY INSPECTION 

Mr.   William J.  Robertson, Industrial Security Specialist,  visited the 
observatory on 27 September for a facility security inspection.    All obser- 
vatory security procedures were found to be in order. 

2.7 CABLE REPLACEMENT SURVEY 

A summary of the replacement of spiral-four cable at UBSO for the interval 
of 1 July 1963 through 18 October 1966 was sent to the Project Officer at 
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his request.     Only 11 reels of cable were replaced during this time 
(39- 1/2 months). 

2.8   SAFETY INSPECTION 

Mr^ Kenneth E.  Abel,  of Atwell.   Vogel,  and Sterling,   visited UBSO on 
28 September to conduct a safety inspection for workmen's compensation 
insurance.    No dangerous conditions were found pensatum 

3-    MAINTENANCE OF EQUIPMENT 

3. 1   TIMING SYSTEM, GEOTECH MODEL 11880 

The UBSO Timing System.  Geotech Model 11880.   became inoperative on 

ind^tall'ed     Tr" >"" ""^ 'f ^ Str0boscoPe *" ••« from Garland ana installed.    The unit was returned to service. 

3.2   STORM DAMAGE 

t'lZTl li8htning ^^ ^ 20 AUgUSt br0ke the galvanometer suspension 
in the Z2 seismograph.    This circuit was protected by AEI lightning 
protectors. e       * 'S 

Four telephone poles    located approximately three-fourths mile north of 
UBSO.  were split by lightning during a storm on I September.    None of the 
observatory instrumentation was damaged by this storm,  however.    The only 

th^  1     h      St0rm ^ ^ Central ""^ buildin« was tw° blown fuses h   ' the telephone junction box. 

3. 3   FLOODING OF DEVELOCORDER 

There have been instances of flooding of the Develocorders durina the 
reporting period.    This flooding was the result of a buildup of a heavy 3lime 
m the processor drip-tray drain,   clogging the drain.    Samples of the slime 
taken by representatives of the Utah State Health Department,  were found 
to be 90 percent inorganic.    An evaluation of means to combat this slime 
build-up is currently in progress. 

-Il- 



4.    MAINTENANXE OF UBSO FACILITIES 

4. 1   SURFACING OF UBSO ACCESS ROAD 

Surfacing of the UBSO access road was accomplished during the reporting 
period.    Project VT/6705 paid the cost of hauling 5783 cubic yards of . aive 
asphalt (less than $4500).  and the cost of spreading and rolling the asphalt 
was borne by the Uinta County Highway Department.    All work on the road 
was completed by 9 September. 

We expect the newly surfaced road to be a valuable asset to the observatory 
and to facilitate access to the station during the winter and spring months 
when snow and bad weather have created hazardous driving conditions in the 
past. 

4.2   AIR CONDITIONING SYSTEM 

The observatory air conditioning system has intermittently given problems 
and we have never considered the efficiency of the system to be adequate. 
Since the system was ir.staUed,   routine checks and services have been 
furnished by a local   representative.    In August,  when the No.   1 compressor 
was determined to be inoperative,  a representative of Craigheac Plumbing 
and Heatii     Company of Provo.   Utah,  was contacted to inspect and repair 
the system.    Following is a list of problems thai were found and corrected. 

No. 2. 
a. Burned-out solenoid coil in the refrigerant line of compressor 

b. Burned-out starter heater in system No.   1. 

c. No.   1 system out of refrigerant due to broken weld on 
compressor muffler. 

d. High pressure gauge on No.   1 compressor wr.s inoperative. 

e. Winterstat and check valve was stuck on system No.   1. 

f. The drive belts on both compreasors.  the air handling fan,  and 
the condensor fan were ir. very bad condition. 

g. The air filters had not been serviced since the unit was installed 
»rj-i in addition,  the filters had been installed backward». 

h.    The No.  2 system wa» low on refrigerant. 



i.    The motor pulley threads were stripped on the air handling unit; 
the fan was being driven by only one belt. 

j.    The system has a very small < ifferential between heating and 
cooling; however,  this may be a design error.    The office and shop thermo- 
stats must be set to a lower temperature (about 680F) to maintain the 
desired 720F temperature in the console area. 

The winterstat and check valve assembly on system No.   1 had to be removed 
and the refrigerant routed directly into the condenser coils because no 
replacements were readily available.    The repairman recommended that 
these valves be permanently bypassed. 

From this experience we have decided that we will use the Provo rtpresentaiive 
in the future instead of the local service man because we do not believe that 
adequate service has been furnished in the past. 

4.3   MISCELLANEOUS 

The water damaged ceiling on the entry overhang of the observatory building 
was removed and the primed structural members were painted. 

The exposed surface of the deep,  long-period vault was painted.    New water 
shields were constructed,  paint >d,  and installed around the shallow-buried 
array PTA vaults. 

5.    FIRE IN MECHANICAL ROOM OF OBSERVATORY 

Fire broke out in the mechanical room of the observatory at about 7:00 p.m.. 
MST.   on Sunday.  28 August.    Mr.  Nils Hofmann.  UBSO Station Engineer.* 
who was working in the vicinity of the observatory after normal working ' 
hours, took rapid and effective measu-es to extinguish the fire.    His presence 
of mind,   undoubtedly, prevented more extensive damage to,   or total loss of, 
the observatory. 

The fire started when the high-pressure regulator,  located at the gas-storage 
tank,  failed.    This allowed gas to flow into the building under high pressure. 
Failure of the high-pressure regulator caused the subsequent failure of the 
low-pressure regulators located at the boiler and the household water heater. 
The diaphragms of the low-pressure regulators ruptured and the «scaping 
öa.a was ignited,  probably by the pilot light of the household water heater. 
No back-up,   high-urtssure regulation was provided with the original UBSO 



system; however,  we have had a back-up system installed to preclude a 
recurrence of this type of trouble. 

Damage resulting from the fire was limited to the mechanical room except 
for some snpcrficial smoke and heat damage to the operations room at the 
door to the mechanical room.    Much of the wiring to the air conditioning 
controls was burned and some of the air circulating motors were burned. 
No damage occurred to the seismographic instrumentation as a result of 
the fire. 

The air conditioniig was restored on a temporary basis by station personnel 
who wired around the burned portion of the circuit.    Arrangements to restore 
the critical systems to normal were made within a few days.    Bids for repair 
of all other fire damage were requested and let.    Repair of fire damage is 
almost complete at this time. 

EVALUATE DATA AND DETERMINE OPTIMUM 
OPERATIONAL CHARACTERISTICS 

6. 1   MODIFICATION TO UBSO INSTRUMENTATION 

6.1.1 Modified Line Termination Module 

On 2 August,  the modified line termination module was installed in Zl and 
a modified line termination module with an inductor protector was installed 
in Z5.    No conclusive data regarding the effectiveness of either the modi- 
fied line termination module or the inductor protector are available at this 
time. 

6.1.2 Adjustable Period PTA Galvanometers 

Six short-period,  adjustable-period,   PTA galvanometers were installed in 
the surface array seismographs.    The galvanometers that were replaced 
were returned to our Garlard laboratory for modification to the adjustable- 
period configuration. 

6.1.3 Power Amplifier,   Model 22183 

A newly designed Power Amplifier,   Model 22183,  was delivered to UBSO, 
the prescribed preinstallation tests were performed,  and the unit was 
installed.    The amplifier would not start under an appreciable load; however, 
the unit would carry a load of up to 750 watts if the unit was started under a ' 
small load and the load was gradually increased.    The amplifier was operated 
under a load of about 300 watts,  but frequent intermittent shut-downs were 
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experienced.    The unit was  returned to Garland for inspection and repair. 

Temporarily,  a 60.watt Power Amplifier.   Model 9231.  was installed 
(see figure 2) as an emergency measure and to provide a back-up system 
for possible addition of Develocorders and Helicorders.    The magnetic-tape 
recorders are operated on unregulated line po ver. 

After inspection in Garland,  the Model 22183 amplifier was modified by 
increasing the drive to the silicon control-rectifiers.    Also, a short between 
one of the fan mounting screws and a heat-sink fin.  that resulted from ship- 
ping damage was repaired.    The unit was returned to UBSO and reinstalled 
on 31 August. 

Evaluation of the Model 22183 power amplifier was again interrupted due to 
component failures.    These failures occurred while the timing system was 
being adjusted.    The power amplifier was returned to our Garland laboratory 
Environmental tests in Garland indicated malfunction of several components, 
and the short-circuit protection system required a slight modification 
laboratory tests indicated that after modification,  the power amplifier was 
performing satisfactorily.    The unit was reshipped to UBSO.  late in October. 

6.1.4   Telephone Link to Deep-Well Site 

A permanent telephone link *:*§ routed to the deep-hole site using scrap 
sections of spiral-four cable.    This was done to provide a reliable communi- 
cations link between the central recording building and the deep-hole site 
The cable was terminated at the vertical array PTA hut and jumpers were 
installed to both winches. 

6.1-5   Gasoline-Powered Generator 

A 6. 3 KVA gasoline-powered generator was delivered to UBSO from the 
Large Aperture Seismic Array (LASA) Maintenance Center on 14 September. 
We had planned '.o use this generator in the UBSO system to supply standby 
power for charging the batteries during prolonged commercial power failures 
The motor, however,  is a hand-cranked unit and no provision has been made 
for automatic starting; consequently,  the generator would be useful only if 
station personnel were present when a power failure occurred.    At the present 
time,  we do not plan to modify the motor for automatic starting. 

6'1-6   New Program for Data Group 5052 (MAP I) 

The printed circuit boards for the new program in the MAP I system was 
received and the boards were installed in MCF-1.    The modified MCF-1 
became operational on 20 October and will subsequently be designated MCF-4 
On 24 October,  MCF-2 program was removed and the old MCF-1 program 
was installed in its place to facilitate direct comparison of the new and old 
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TIMER MODEL 11880 

FREQUENCY 
STANDARD 

5<79 

FREQUENCY 
DIVIDER 

5402 
STROBOSCOPE 

5S04 

FRP FRS 

K 

PROGRAMMER 
11395 

WWV 

FR2 

LINE 
POWER 

TCU 
7136 

PWR AMP 
9231 

3 
POWER 

AMPLIFIER 
22183 

FR1 

TCDMG 
15925 

T TAPE 

PCU Vv/LTAGE 
METER 
7679 

FR POWER TO 
DEV. AND HF.LI. 

TIME MARKS 
TO DEV., HELL, 
AND TAPES 

LINE POWER t 

> 
TAPE 

TRANSFORT 

T 
CAPSTAN 
MOTOR 

INVERTER 
9220A 

CONTROL 
UNIT 
B444A 

de REG 
21427 

f 
TAPE 

TRANSPORT 

CAPSTAN 
MOTOR 

LINE PO u 
) 

TAPE 
TRANSPORT 

T 
CAPSTAN 
MOTOR 

ALL RELAYS SHOWN IN NORMAL OPERATION POSITIO 

SYNCHRONOME 
CLOCK 
130-Mc 

WWV DEV. TRACES 

Figure 2.    Block diagram of UBSO power system 
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« t^i.P2c?Ti;fc      
gT<a 3 thrOU8h 10 8hOW the9e co^ri-ons.    Note that 

MCFT  üBsn  (      m0dwed Pr08ram) i9 little or no better *•" ^ olö MCF-1      UBSO personnel forwarded pictures of all short-period seiFmofiram8 

Ulustratxng the effectiveness of the MCF-4 program to the Project CifTcer 

6.2   ADDITIONAL INSTRUMENTATION AT UBSO 

6-2'1    Six-Element Vertical Array 

The first string of three seismometers of the six-element vertical ar-ay wa« 

Tthe last1"     e C;^0i\C^P^y.  No.  6 Vernal (figure II) near the Id 
of the last reporting perxod.    The top string of three seismometers of the 

The sTr  array WaS 1OWer0d int0 the deeP h0le early in thi8 -Poking per od. 
loLnT* 7S T Set " the h0le'  hOWeVer'   because of a malfunction of the holelock motor of seismometer No.  4. 

The string of seismometers was removed and the holelock motor on the 
No    4 seismometer was repaired.    The first and second jumpers were con- 
nected and remstallation of the second string of seismometers was started 
When the No.  4 seismometer was at a depth of about I. 000 feet,  the con- 
nector between the first and second jumpers parted,  allowing both the 
seismometer and a lOOO-foot length of cable to drop into the hole      We 
thought it might be possible to clean the hole by raiding the bo«om sTring 
of seismometers.    The string was raised about 80 feet    but the cable parted 
under a load of about 8. C )0 pounds, at a depth of between 3700 and 380^     et 
The cable parted at a point damaged by the falling seismometer.    A fishin* 
ng was contracted to move onto the hoie.and fishing began on 7 August     All 
equipment was retrieved in eight trips,  all in one day. * 

ft^rtdh?^ 8ei8m°me
TJ
ter8 and "Poo""« <>* new cable onto the winch was 

started by 13 August.    Reinstallation of the bottom string of seismometers 
was completed and test data were being recorded by 30 August.   ^00 

nThl Z^Tn" ^^ in8talled by 5 SePtemb"-    Th. elements are set in the hole as follows: 

Seismometer Depth 
No.  6 3907 feet 

No. 5 4901 feet 

No.  4 5894 feet 

No.  3 6910 feet 

No. 2 7903 feet 

No.  I 8895 feet 
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Figure 11.    Location of seismographs at UBSO 
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Some noise problems experienced immediately after completion of the 
installation of the seismometers were eliminated by moving the PTA's from 
the wellhead into the central recording building.    By the end of the reporting 
period all seismograph channels were operating,  the sensitivity of the 
Develocorder galvanometers had been equalized, and the seismograph fre- 
quency responses were being checked.    Figures 12 through 15 show the 
response of vertical array seismographs to typical noise and signals. 

6.2.2   Additional MAP Units 

Data Group 5054 (MAP U) became operational early in October.    MAP outputs 
of the shallow-buried and vertical arrays are included in this data group. 
Figures 16 through 21 show the response of MAP II to typical noise and signals 
at UBSO.    Primary short-period data corresponding to the noise data shown 
in figures 17 and 18 are shown in figures 22 And 23.    Vertical array seismo- 
grams of the earthquakes shown in figures 13 through 15 are shown in 
figures 19 through 21. 

7.    ANALYZE DATA 

7.1 GENERAL 

Effective 1 August, determinations of event arrival time., period., ai>d 
amplitudes for routine daily analy.i. are made from .eismograms of the 
shallow-buried array. 

7.2 REPORT EVENTS TO U. S.  COAST AND GEODETIC SURVEY (USC&GS) 

Analysts daily report the time of arrival, period and center-to-peak ground 
displacement of event, recorded at UBSO to the Director of USCfcGS in 
Washington.  D.  C.     The number of event.,   by type,   reported by UBSO 
during each month in thi. reporting period is shown in table 5.    The total 
number of events recorded by the observatory,  the number of epicenter, 
determined by USC&GS and reported in the "Earthquake Data Report", and 
the percentage of the hypocenters in which UBSO data were utUUed, are 
shown in table 6 for March through July 1966.    List, of more recent 
epicenters have not been completed by USC&GS. 

7. 3   DAILY ANALYSIS FOR MULTISTATION EARTHQUAKE BULLETIN 

Data from UBSO are combined with data from BMSO,   CPSO.  TFSO.  and 
WMSO and published in a monthly multistation earthquake bulletin. 'The 
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Table 5.    Number of earthquakes reported to  USC&GS 
by UBSO during August,  September and October 1966 

August 1966 September 1966 October 1966 

L     N      R        T    Total        L     N      R        T     Total       L      N      R       T      Total 

31   817   41    1319   1208      46   668    65   1156   1935      70   541   47   1303   1961 

Table 6.    Percentage of hypocenters reported in the USC 8tGS 
"Earthquake Data Report" for which UBSO data were used 

Events reported 
Date by UBSO 

March 1966 1274 

April 1966 1326 

May 1966 1246 

June 1966 1467 

July 1966 1597 

Hypocenters reported 
by USCfaGS  

432 

40' 

442 

446 

338 

Percent of USC&G 
events utilizing 

UBSO data 

69.0 

82.5 

71.0 

65.0 

79. 1 
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11  

bulletins for March,  April,  and May 1966 were published during this 
reporti.ig period. 

The raw data for June and July were transcribed onto digital magnetic tape 
and lint to SDL for processing.    Errors in June input data were discovered 
during processin«? of the data for Automated Bulletin Process (ABP).    These 
errors were corrected and the data have been resubmitted for ABP processing. 

The check program for raw data was revised to flag errors of the type 
occurring in the June data,  and all subsequent raw data will be checked for 
these error types. 

Data for August and September have been transcribed onto tape,  and will be 
checked and sent to SDL for processing.    Keypunching of October raw data 
is about 50 percent complete. 

7.4   CONTINUE NOISE SURVEY 

Measurements of ambient noise in the 0.4 to 1.4 second period range are 
made daily at UBSO.    Data are processed in Garland,  and monthly cumu- 
lative probability curves of trace amplitude and ground displacement ar^ 
published.    Noise data are reported from the ZIO,  SZ10,  ET,  SET,   ETF, and 
S ZTF seismograms.    Curves for the months of June,  July and August were 
sent to the Project Officer during this reporting period. 

8.    PROVIDE OBSERVATORY FACILITIES AND ASSISTANCE 
 TO OTHER ORGANIZATIONS 

8. 1   MONITOR OF SANDIA'S USO 

We began recording the outputs of the Sandia Unmanned Seismological 
Observatory (USO) seismographs late in the last reporting period; however, 
excessive amounts of 60 cps and 10 cps noise were noted on the USO seismo- 
grams.    Sandia was notified, and they requested that we install a 10 microfarad 
capacitor across the output lines.   Installation of the capacitor, however, 
afforded no noticable improvement in the seismograms.    Messrs. Kreitter 
and Linn,  Sandia representatives, visited UBSO on 15 through 17 August to 
investigate methods of eliminating the noise. 

The noise occurring at 60 cps,  generated within the USO, was reduced by 
the Sandia personnel; however,  5 to 6 volt ac potential between the USO 
ground and the observatory ground accounts for the 60 cps noise now 
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observed on the Develocorder traces.    While this noise does not interfere 
with UBSO's monitoring assignment, the seismograms are useless for 
conventional measurements. 

The cause of the 10 cps noise on the film seismograms has not yet been 
determined.    Based on a comparison of the frequency responses,   relative 
operating magnifications,  and seismograms of the short-period USO seismo- 
graphs and the shallow-hole,  high-frequency seismograph previously 
operated at UBSO.  it is our opinion that a part of this 10 cps noise is not 
seismic noise but is generated :n the USO system. 

When Sandia personnel were working with the USO time encoder during 
their August visit,  the year code was inadvertently changed to 1967.    Sandia 
was notified of this condition. 

On 8 September,  Sandia representativeo visited UBSO to inspect the USO 
and to troubleshoot malfunctions reported to them.    They left the observatory 
on 9 Septembei.    Subsequently,  we discovered that no data were being supplied 
to either the short-period vertical or north-south outputs and that the USO 
time code was in error by 12 hours.   No automatic calibration pulses were 
put on USO data beginninb on 26 September.    Sandia was notified of these 
problems, and on 17 October,  Sandia representatives arrived at UBSO.    The 
magnetiotape recorder which was not operating was replaced,  other minor 
problems were corrected, and all USO seismographs appeared to be 
functioning properly at the end of the reporting period. 

Special recordings of the USO seismographs were made on 24 and 25 August 
at the request of the Project Officer.    These seismograms were from the 
USO long-period vertical,   short-period vertical, and short-period east-west 
seismographs. 

Location of the USO seismographs is shown in figure 11. 

8.2   COOPERATE   WITH USC&GS 

In addition to the routine messages,  UBSO cooperates with the USC&GS in 
providing information on specified events.    One example of this is the report- 
ing of aftershocks of the Utah event of 16 August.    All analysis data on this 
series cf shocks were sent to Mr. Ken Bayer of the USC&GS in Rockville, 
Maryland. 

UBSO recorded and reported a total of 399 events of this swarm from 16 
through 25 August. 
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8. 3   UNIVERSITY OF UTAH 

UBSO supplied data to the University of Utah concerning the earthquakes m 
southwestern Utah and in other areas, including the large earthquake in the 
J-ake Tahoe area on 12 September. 

8.4   VISTORS 

Several representatives from Sandia Corporation were vistors at UBSO 
during thip repirting period. 

Messrs. Ariel Michie and Edgar M. Hays, Utah State Health Department 
visited UBSO on 20 September • sample the Develocorder slime build-up 
for chemical analysis. 

A professor and eight students from Rangely College visited the observatory 
in October. ' 

REPORTS 

The UBSO Quarterly Report No.   1.   Technical Report No.  66-84.  was mailed 
to the Project Officer on 25 August. 
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APPENDIX   1 to TECHNICAL REPORT NO.  66-102 

 STATEMENT OF WORK TO BE DONE 

AFTAC Project Authorization No.  VELA T/6705 



         II 

EXHIBIT "A" 
STATEMEWr OF WORK TO BE MM 

AFTAC Project Authorlratlon No. VELA T/6705/8/ASD (32) 

1' Mil« 9 February 1966 

••  Operation; 

^ „  <1> Continue operation of the Uinta Basin Selsmological Observatory 
(UBSO), normally recording data continuously. 

(2) Evaluate the seismic data to determine optimum operational 
characteristics and make changes in the operating parameters as may be 
required to provide the most effective observatory possible. Addition 
and modification of Instrumentation are within the scope of work. However 
such Instrument modifications and additions, data evaluation, and major  * 
parameter changes are subject to the prior approval of AFTAC. 

(3) Conduct dally analysis of seismic data at the observatory and 
^a,,™ daily •el8inlc «Ports to the US Coast and Geodetic Survey, Hash 
DC 20230, using the established report foraat and detailed Instructions. 

(4) Record the results of daily analysis on magnetic tape in a 
format compatible with the automated bulletin program used by the Seismic 
Data Laboratory (SDL) in their preparation of the selsmologlcal bulletin 
of the VELA-UNIFORM selsmologlcal observatories. The format should be 
established by coordination with SDL through AFTAC. The schedule of 
routine shipments of these prepared magnetic tapes to SDL will be estab- 
lished by AFTAC. 

(5) Establish quality control procedures and conduct quality 
control, as necessary, to assure the recording of high quality data on 
both magnetic tape and film. Past experience indicated that quality con- 
trol review of one magnetic tape per magnetic tape recorder at the obser- 
vatory each week is satisfactory unless quality control tolerances have 
been exceeded and the necessity of additional quality control arises 
Quality control of magnetic tap« should Include, but need not necessariIv 
be limited to, the following item«: 

(a) Completeness and accuracy of operation logs. 

(b) Accuracy of observatory measurements of system noise 
and equivalent ground motion. 

(c) Quality and completeness of voice consents. 

(d) Examination of all calibrations to assure that clippin. 
does not occur. "•*• 

(e) Determination of relative phase shift on all array 
seismographs. ' 
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EXHIBIT "A" 

(f) Measurement of DC unbalance. 

(g) Presence and accuracy of Cape calibration and alignment, 

(h)     Check of uncompensated noise on each channel. 

(I)    Check of uncompensated signal-to-noise of channel 7. 

(J)    Check of general strength and quality of timing data 
derived fro« National Bureau of Standards Station WWV. 

(k)    Check of time pulse modulated 60 cps on channel 14 for 
adequate signal level and for presence of time pulses. 

(1)    Check of synchronization of digital time encoder with 
WW?, 

(6) Provide observatory facilities, accompanying technical assis- 
tance by observatory personnel, and selsmological data to requesting 
organisations and  Individuals after approval by AFTAC. 

(7) Maintain, repair, protect, and preserve the facilities of 
the selsmologleal observatory In good physical condition In accordance 
with sound Industrial practice. 

b.     Instrument Evaluation;    After approval by AFTAC, evaluate the 
performance characteristics of experimental or off-the-shelf equipment 
offering potential Improvement In the performance of observatory seismo- 
graph systems.     Operation and test of such Instrumentation under field 
conditions  should normally be preceded by laboratory test and evaluation. 

c«     Special Investigations:    Conduct  research Investigations as 
approved or requested by AFTAC to obtain  fundamental Information which 
will lead  to Improvements  In the detection capability of UBSO.     These 
programs should  take advantage of geological, meteorological, and 
selsmologleal conditions at UBSO.     The  following special studies should 
be accomplished. 

(1) Long term evaluation of the multiple array processor units. 

(2) Installation and evaluation of a vertical array. 

(3) Evaluation of the long-period vault. 

(4) Provide technical assistance and monitor an unattended sels- 
mologleal observatory to be Installed at UBSO In June 1967, 

Research might pursue Investigations  In,  but  Is not necessarily limited 
to,  the following areas of Interest:    mlcroselsralc noise,  signal charac- 
teristics, data presentation, detection threshold, and array design 
(surface and shallow borehole).     Prior to commencing any research 
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EXHIBIT "A" 

lnv««tIgatlon, AFTAC approval of tha proposed  Invaatlgatlon and of a 
comprahanalva program outllna of tha Intended  research mutt be obtalnad, 

offlcJJrOV*1 ^ AFTAC Wl11 n0riMlly b* Provid«<» through tha project 

Data 
3.    Report«:    Provide report« In accordance with the/requirement« out- 
lined ITDU Form 1423 and attachaent 1 thereto. iu"ement« out- 

REPRODUCTION 

IF 33(657)-l6563 



unclaasififd 
Security CUitidcation 

DOCUMENT CONTROL DATA • R&D 

I   0*iniM«TIMO »CTIWI'V ICvfpmff author» 

TELEDYNE INDUSTRIES 
GEOTECH DIVISION 
GarUnri     T^YAH     7^040  

1*   Hcponr «icuniTv  c LAIIIFICATION 

Unclassified 
2 6    GROUP 

I   «•►OUT  TITLI 

OPERATION OF UBSO 
Quarterly Report No.  2.  Project VT/ü705,   I August through 31 October 1966 

4    OUCm^Tlvl NOM» rTrjM o/ npo,l mnd inchi.tv. dm,..) 

Quarterly Report No.  2.  Project VT/6705,   1 August through 31 October 1966 

Leichliter,   B.   B. 
•    nO FORT  DATE 

• a    COMTRACT   OR   OHANT NO 

AF 33(657)-16563 
*   RROJICT NO 

VELA T/6705 

ARPA Order No.  624 
<      ARPA Program Code No.  6F10 

10    A VA IL ABILITY    LIMITATION  MOTICM 

7«     TOTAL NO    OF   PAGES 76    NO    OF  RCFt 

• •   oniaiNATon't HCPOPT NUMSKRC.'/ 

»6 
Sl/«M|l«ortJ*0"T NOf,J <Ä'"""h" ""**•'* »•' K»y I>f;l0,,d 

This document is subject to special export controls and each transmittal 
to foreign governments or foreign national may be made only with prior 
approval of the Chief of AFTAC. 

II   (UPPLBMCNTAnV NOTIt 

11    ABSTRACT 

II. tPONIONINC MILITARY ACTIVITY 

Advanced Research Projects Agency 
Nuclear Test Detection Office 
Washington.   D.   C.  

This report describes the operation of the Uinta Basin Seismological 
Observatory from 1 August through 31 October 1966.    Modifications 
and additions to the observatory instrumentation are described,  and 
tests to improve the operation of the observatory are reported.    Also 
discussed is the status of special investigations designed to evaluate 
nnd improve the detection capability of the observatory. 

DD roitm 
I    IAN »4 1473 unclassified 

Security Classification 



Security Classification 
i« 

KEY WORDS 

Unattended Seismological Observatory 

Vertical Array 

Multi»Channel Array Processor 

Seismograph Operating Parameters 

LINK  A 

«OLE WT 

LINK  B 
Lt   T        WT 

INSTRUCTIONS 

ol   M contractor, «ubco.itractor, grantee. Department of De- 

.heRree^T,,y " ^ 0r*ani"tio" ÄSS .uÄYs.umg 

1«.   REPORT SECUMTY CLASSIFICATION:   Enter the over^ 
a.l secunty classification of the report.   Indicate whethe° 
JZ      T    D'!,,     " include4   Marking i. to be in accord- 
ance with appropriate security regulation». 

«c.i^^JOn' .^"'HT10 do*ner"di"8 *» specified in DoD Di- rective 5200.10 and Armed Forces Industrial Manual.   Enter 
mlrk^fh        Kr-    Als°^hen »PPlicable, show that optional 
markinKs have been us«! for Group 3 and Group 4 as author- 

LINK C 

iu?h'.e,d
: 
by 8eCUri,y ^—'«"^n. u»ing standard stateme-.ts 

(1) 

(2) 

(3) 

iär't'fro^ iSStf** m'y 0bUin C0Pie• 0l ,hU 

!?*t**P "nnouncemer.t and dissemination of this 
report by DDC is not authorized." 

"U S. Government agencies may obtain copies of 
this report directly from DDC.   Other qualified DDT 
users shall request through 

hJ!!f££2 TI^:   En,er ,he co'-nplete report title in all 
capital letter».   Title» in all cases should be .incl.ssified. 
.f a meaningful title cannot be »elected without cla»sifice. 
tion, show title classification in all capitals in parenthesis 
immediately following the title. P-remnesis 

4.   DESCRIPTIVE NOTES:   If appropriate, enter the type of 
report   e.ß., interim, progress, summary, annual, cr final, 
cövored" lm lusiv* da,e8 when a specific reporting period is 

t in !hTHOK(S.):    Emer.,he nam*M °f authoK») a» »hown on 
or in the report.    Entei last name, first name, middle initial. 
If n.ihtary, show rank end branch o' service.   The name of 
th«  principal „ -thor is an absolute minimum requirement. 

6.    REPORT DATI^   Enter the date of the repori a» day 
month,  year; or month, year.   If more than one date appears 
<>n the report, use date of publication. 
7K-   Ty™1- ^MDER OF PAGES:   The to-.1 page count 
shouu follow norma: pagination procedures, i.e., enter the 
number of paKes containinf information. 

76.   WmtM OF REFERENCES:    Enter the total number of 
re'erenres i ited in the report. 

8a.   CONTRACT OR GRANT NUMBER:   If oppropriate. enter 
the applicnble number of the contrac or grant under which 
the n-port was written. 

86, (i, & 8d.   PROJECT NUMBER;   Enter the appropritte 
military department identification, such as project number 
subproject number, system numbers, task number, etc. 

9a.   ORIGINATOR'S REPORT NUMBEKfS):    Enter the offi- 
cial report number by which the document will be identified 
and controlled by the originating activity.   Thi» number must 
be unique to this report. 

06. OTHER REPORT NUMBERS): If the report has been 
assicncd »ny other report numbers feif/ser by the otigmalo, 
or by the sponsor), also enter this number(s). 

10.   AVAILABILITY/LIMITATION NOTICES:    Enter any lim- 
itations on further dissemination of the report, other than those 

(4) 

(5) 

lü" ?• "^'""'y «gencie» may obtain copies of thi» 
report directly from DDC   Other qualified u»er» 
»hall request through 

"r^i iliJj£ib'r-'on of **• '"P0'« *» controlled.  Qual- 
ified DDC u»er8 »hall request through 

U»e for additional explnna- 

If the report has been furnished to the Office of Technical 
Service», Department of Commerce, for »ale to the oubHc inHl 
cate thi» fact and enter the price, if knowT P ' 
IL   SUPPLEMENTARY NOTES; 
tory note». 

12. SPONSORING MILITARY ACTIVITY:   E«er the name of 
^ ?n

eP,'.Kmen,"1 Pr?Jec!.<>f"" or laboratory »pon.ofin"fPar 
">« lor) the re»e.rch and development.   Include «ddre»' 

13. ABSTRACT:   Enter an abatract giving a brief and factual 

n;nrf lhe docurni indic',ive °f 3?i^St «tS though it may also appear elsewhere in the body of the technical« 

Ke0ratta,cheddd.i,iO,", ''"* " ^^ ' cont.nuaUot^he'et^h.l. 

It is highly desirable that the abstract of classified «.no^. 
be unclassified.   Each paragraph of the abs°rac   shal   en^^th 
an indication of the military secu.ity cl.»»i i'^ ion o   The in 
formation in the paragraph, represented a. fr"  fs"   fO   o %; 

There is no limitation on the length of the abstract 
ever, the suggested length is from 150 t, 225 worts How- 

ÄIÄ« J2Ä2 m°<lel
1d"'8"-tion, trade name, m!uVary 

project code name, geographic location, may be ^-.ed as kev 

TeT&lZ"** f0l,0W
f
e? by Bn ^'cation'of technical con- text.   TTie assignment of links, rule», and weights is optional. 

Security Classification 

Iß NO i-t-t-ti 


